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Abstract: Mortalities due to pathogenic bacteria are a major problem in 
aquaculture. The use of probiotics is now a better option than antibiotics in 
disease control. Investigations on Pseudomonas aeruginosa strain XyC5 
isolated from healthy shrimp intestine and found to protect Penaeus monodon 
from Vibrio mimicus infection were carried out. The isolate was screened for 
qualitative enzyme activity, antibiotic susceptibility and environmental stress 
tolerance. Assessment of its bioactive compounds and effects of abiotic factors 
on growth were also studied. Capability for enzyme production was 
investigated via starch agar, skim milk agar, egg yolk agar, cellulose agar and 
gelatin agar for amylase, protease, lipase, cellulase and gelatinase activities 
respectively. The effects of abiotic factors on growth of the isolate were carried 
out by cultivating the isolate in nutrient broth at different temperature, salinity 
and pH levels. GC-MS was employed for analysis of methanol extracted 
metabolites. The isolate produced hydrolytic enzymes such as amylase, 
protease, gelatinase and lipase. The vulnerability of the isolate to all antibiotics 
tested ensures its incapability to transfer antibiotic resistance. The isolate 
exhibited a broad range of ecological tolerance with temperature (28-40oC), 
salinity (0-100 ppt) and pH (4-11). The optimum temperature, salinity and pH 
were 37oC, 10-20 ppt. and pH 6-8 respectively. Fourteen compounds were 
produced with Tromethamine (C7H11NO3) as the major compound. These 
results imply that Pseudomonas aeruginosa strain XyC5 is a prospective 
candidate organism for drug improvement for aquaculture systems. 
 
Keywords: Pseudomonas, probiotics, metabolites, GC-MS, enzymes. 
 
Introduction 
The main setback in aquaculture is 
mortality due to pathogenic microbes. 
The employment of probiotics in disease 
control is currently a better choice than 
antibiotics [1]. Probiotics have been 
employed in aquaculture as digestion 
aids and immune boosters [2, 3, 4]. 
They also enhance host survival and 
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growth by supplementing different vital 
nutrients and enzymes [5, 6, 7].     
 
Different factors such as the type of 
species, water activity, hydrogen ion 
concentration (pH), osmotic pressure, 
catalase, temperature and absence of 
transmissible antibiotic resistance genes 
are known to influence the selection of 
probiotic bacteria [6, 8, 9].    
 
Diverse groups of microorganisms such 
as many species of the genera Bacillus, 
Lactobacillus, Shewanella and 
Pseudomonas have been assessed for 
use as probiotics [10, 2, 9, 11, 1, 12, 13, 
14, 15]. Pseudomonas species are 
commonly distributed in aquatic and 
terrestrial habitats [16] and have been 
evaluated as sources of novel bioactive 
compounds such as antibiotics, 
biosurfactants, bacteriolytic enzymes 
and bacteriocins [17, 18, 19].    
 
The adaptation of indigenous microbes 
to ecological constraints in their natural 
habitat makes them good candidates for 
bio-control strategies [20]. Indigenous 
probiotic strains for the specific need in 
Nigeria are considered necessary. 
Therefore, the aim of the present study 
was to carry out some probiotic 
characterization on an antagonistic 
Pseudomonas aeruginosastrain XyC5 
previously isolated from healthy shrimp 
intestine and found to protect Penaeus 
monodon from Vibrio mimicus infection 
[15].   
 
Materials and Methods 
Source of antagonistic Pseudomonas 
aeruginosa strain XyC5: 
Pseudomonas aeruginosa was 
previously isolated from healthy shrimp 
intestine [21]. It was molecularly 
identified [15] and maintained as part of 
the culture collection in Microbiology 
Laboratory, University of Port Harcourt, 
Nigeria.  
Extracellular enzyme production: 
The Pseudomonas aeruginosa strain 
XyC5 was screened for enzymatic 
activities using agar diffusion method. 
The isolate was tested on starch agar 
(for amylase), skim milk agar (for 
protease), Egg yolk agar (for lipase), 
cellulose agar (for cellulase) and gelatin 
agar (for gelatinase). The isolate was 
streaked as a line on the different media. 
Activity was detected after incubation at 
37
o
C for 24 h as clear zone around the 
line of growth for protease and 
gelatinase activities. Activity was also 
detected as clear zone around the line of 
growth after addition of iodine for 
amylase activity and congo red for 
cellulase activity. Lipolytic activity was 
detected as a thin iridescent layer 
overlying the growth on Egg yolk agar. 
The diameters of the clearance zones 
were recorded in millimetres. The 
presence of effervescence indicated 
catalase production when three drops of 
10% hydrogen peroxide were added to a 
minute portion of bacterial growth on a 
clean slide. 
Antibiotic Susceptibility of 
Pseudomonas aeruginosa strain XyC5: 
The susceptibility of Pseudomonas 
aeruginosa strain XyC5 to Ciproflox (10 
µg), Levofloxacin (20 µg), 
Erythromycin (30 µg), Gentamycin 
(10µg), Rifampicin (20 µg), Ampiclox 
(20 µg), Amoxil (20 µg), Norfloxacin 
(10 µg), Streptomycin (30 µg), 
Chloramphenicol (30 µg), Nalidixic acid 
(30 µg), Tarivid (10 µg), Reflacine (10 
µg), Septrin (30 µg) and Augumentin 
(30 µg) were determined in Oxoid 
Muller- Hinton agar plates with 
multodisc using agar diffusion method. 
The bacterial suspension with similar 
concentration as the McFarland 0.5 was 
streaked with a sterilized swab over the 
whole surface of Muller- Hinton agar 
plates and the antibiotic discs were 
  15 
Ariole C. N. & Wokem V. C.                                                         CJPL Special Edition (2018) 1(2) 14-23 
 
placed on the plates. Incubation of 
plates was for 24 h at 37
o
C and zones of 
inhibition were measured in millimetres. 
Effects of abiotic factors on growth:  
The effects of pH, salinity and 
temperature on growth of Pseudomonas 
aeruginosa strain XyC5were evaluated 
by growing the strain at different pH (4, 
5, 6, 7, 8, 9, 10, 11), salinities (5, 10, 15, 
20, 25, 30 ppt) and temperatures (28, 37, 
40 and 45
o
C) in 100 ml nutrient broth 
for a period of 24 h. The incubation was 
at 37
o
C and 0.1 ml was used as 
inoculum. Samples were withdrawn at 
zero hour and six hourly during the 
cultivation period for cell growth 
measurement by spread plate method. 
Abiotic stress tolerance assay: 
Pseudomonas aeruginosa strain XyC5 
was assessed for its tolerance to various 
concentrations of salinity, pH and 
temperature. The tolerance to salinity 
was examined in nutrient agar 
supplemented with various 
concentrations of sodium chloride (0, 2, 
5, 10, 15, 20, 25 and 30%). The pH 
tolerance was studied by growing the 
organism in nutrient agar with various 
pH levels from pH 4 to pH 11. The 
temperature resistance of the organism 
was assessed on nutrient agar plates by 
cultivating them in a broad range of 
temperatures (28-55
o
C).  
Extraction of Metabolites: 
Pseudomonas aeruginosa strain XyC5 
was cultivated on nutrient broth for 48 
h. The culture was centrifuged for 10 
min at 8000 rpm to obtain cell free 
supernatant to which equal amount of 
methanol was added to extract the 
bioactive compounds. The solvent was 
then vaporized using a rotary evaporator 
and the extract dissolved in Dimethyl 
sulphoxide (DMSO) [22] for 
antibacterial assay and gas 
chromatography-mass 
spectrophotometry (GC-MS) analysis. 
Antibacterial assay using crude and 
methanolic extracts: 
Antibacterial activity was performed via 
agar diffusion method. A 24 h nutrient 
broth culture (0.1 ml) of the pathogen 
(Vibrio mimicus) was uniformly spread 
on Mueller Hinton agar plates with 
sterile bent glass rod. Wells were made 
on the agar plates using sterile cork-
borer (6 mm diameter) and 0.1 ml of the 
crude and methanolic extracts were put 
in the wells. At the end of incubation at 
37
o
C for 48 h, inhibition zone diameters 
around the wells were measured. 
GC-MS analysis of the methanolic 
extract: 
 
GC-MS analysis of the methanolic 
extract was performed with Agilent 
7890A-5975C GC-MS system using the 
following conditions: Electron impact 
mode at 70 eV, HP5-column (30 m x 
0.25 mm x 0.25 µm), Carrier gas flow (a 
constant) =1 ml/min, Injector 
temperature = 250
o
C, Injection volume 
= 0.5 µl, Split ratio =10:1, Ion source 
temperature =280
o
C, Oven temperature, 
Initial =110
o
C (hold 2 min), 110
o
C to 
200
o
C at 10
o
C/ min, 200
o
C to 280
o
C at 
5
o
C/ min (hold 9 min). Mass spectra 
were taken at 70 eV. Interpretation of 
mass spectrum was carried out using the 
National Institute of Standards and 
Technology (NIST) Database. The 
spectra of the unidentified compounds 
were compared with spectra of 
identified compounds stored in the 
NIST library. The molecular weight, 
structure and name of the compounds 
were identified. 
Statistical analysis: 
Standard deviations for each of the 
experimental results were calculated 
using Excel Spreadsheets, with 
Microsoft excel software. Differences 
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between treatments were examined for 
significance by one-way ANOVA and 
P≤0.05 was considered to be statistically 
significant.  
 
 
Results 
The Pseudomonas aeruginosa strain 
XyC5 was negative for cellulase but 
positive for lipase, amylase, catalase, 
protease and gelatinase (Table 1). 
Pseudomonas aeruginosa strain XyC5 
was susceptible to every antibiotics 
tested (Table 2). 
The isolate showed optimum growth at 
pH 6-8 (Fig. 1), salinities from 10 to 20 
ppt. (Fig. 2) and 37
o
C (Fig. 3). The pH 
values of 6, 7 and 8 as well as salinity 
levels of 10, 15 and 20 did not result in 
significant variation in the growth of 
Pseudomonas aeruginosa strain XyC5
. 
 
         Table 1: Qualitative Enzyme Assay for Pseudomonas aeruginosa Strain XYC5 
 
  Enzyme Activity 
Protease 
Amylase 
Lipase 
Gelatinase 
Cellulase 
Catalase 
+ 
+ 
+ 
+ 
- 
+ 
                                               (+) positive; (-) Negative 
 
          Table 2: Antibiotic Susceptibility of Pseudomonas aeruginosa Strain XYC5 
 
 
Antimicrobial Agent  
(Disk content) 
Diameter of Inhibition Zone  
(mm) ± S.D 
Ciproflox (10µg) 23± 0.00 
Erythromycin (30 µg) 23± 0.02 
Levofloxacin (20 µg) 17± 0.01 
Gentamycin (10µg) 15± 0.00 
Ampiclox (20µg)  18 ± 0.01 
Rifampicin (20µg)  19 ± 0.00 
Amoxil (20µg)  21 ± 0.04 
Streptomycin (30µg) 20 ± 0.00 
Norfloxacin (10µg) 18 ± 0.02 
Chloramphenicol (30µg) 17 ± 0.00 
Tarivid (10µg)  17 ± 0.01 
Nalidixic acid (30µg)  16 ± 0.03 
Reflacine (10µg)  20 ± 0.02 
Augumentin (30µg) 15 ± 0.01 
Septrin (30µg)   19 ± 0.01 
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        Figure 1: Effect of pH on Growth of Pseudomonas aeruginosa strain XyC5 
 
 
 
 
        Figure 2: Effect of Salinity on Growth of Pseudomonas aeruginosa strain XyC5 
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       Figure 3: Effect of Temperature on growth of Pseudomonas aeruginosa strain XyC5 
 
The growth of the isolate was supported 
by a salinity gradient of 0-100 ppt. The 
highest temperature forbearance for the 
Pseudomonas aeruginosa strain XyC5 
was 40
o
C. The pH range from 4 to 11 
supported growth of the organism. 
Temperatures of 45-55
o
C and salinities 
above 100 ppt. did not support the 
growth of antagonistic Pseudomonas 
aeruginosa strain XyC5 (Table 3).   
 
Table 3: Abiotic Tolerance Assay of Antagonistic Pseudomonas aeruginosa Strain XYC5 
 
Parameter Growth 
pH 
4-11 
Temp. of Incubation (oC) 
28-40 
45-55 
Salinity(‰) 
0-100 
150-300 
 
+ 
 
+ 
- 
 
+ 
- 
                                                        (+) growth; (-) No growth; Temp. = Temperature 
 
The gas chromatogram of methanol 
extracted metabolite of Pseudomonas 
aeruginosa strain XyC5 is presented in 
Figure 4. Fourteen (14) peaks were 
observed. Table 4 represents the 
quantitative composition of the fourteen 
compounds of which the major 
compound is Tromethamine (C7H11NO3) 
with peak area percent of 37.336. 
 
Discussion 
The present study reports some 
probiotic characteristics of an 
antagonistic Pseudomonas aeruginosa 
strain XyC5previously isolated from 
healthy shrimp intestine and found to 
protect Penaeus monodon from Vibrio 
mimicus infection [15].       
The application of antibiotics for 
controlling disease in aquaculture is of 
great concern due to antibiotic-resistant 
development in bacteria. The gene 
responsible for this resistance can easily 
be transferred to human and animal 
pathogenic bacteria [23]. Pseudomonas 
aeruginosa strain XyC5 was susceptible 
to every antibiotics tested. This ensures 
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its incapability to transfer antibiotic 
resistance.   
Growth of antagonistic Pseudomonas 
aeruginosa strain XyC5 over a broad 
range of temperatures, salinities and pH 
as well as its ability to produce 
extracellular enzymes implies that the 
isolate may possibly be an appropriate 
probiotic candidate for aquaculture.  
The optimal growth conditions were 
found to be pH 6-8, salinity 10-20 ppt. 
and temperature 37
o
C. These optimal 
conditions might be helpful for 
industrial production of this strain since 
the growth of microbes is strongly 
affected by medium constituents as well 
as abiotic factors such as pH and 
temperature [24].    
Pseudomonas aeruginosa strain XyC5 
produced compounds such as aziridin, 
phenol, tromethamine, uric acid and 
pyrazine that could be either therapeutic 
or employed in drug improvement. 
These compounds might be responsible 
for its antagonism. Pseudomonas 
species are widespread inhabitants of 
marine, freshwater and soil 
environments and are recognized to 
produce a broad variety of secondary 
metabolites[25]. 
  
 
         
      Figure 4: Gas-chromatogram of methanol extracted metabolite of Pseudomonas aeruginosa    
strain XyC5 
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Table 4: Quantitative Composition of pseudomonas aeruginosa STRAIN XYC5 Metabolite 
 
S/N RT Compound Name Formula MW Area% 
1 5.274 Tromethamine C4H11NO3 121 37.336 
2 5.499 Aziridine C6H13N 99 1.825 
3 6.080 Phenol.4-(2-aminoethyl)- C8H11NO 137 3.614 
4 6.316 Uric acid C5H4N4O3 168 1.278 
5 6.399 Pyrrolo[1,2-a]pyrazine-
1,4-dione,hexahydro- 
C7H10N2O2 154 18.680 
6 6.972 Pyrrolo[1,2-a]pyrazine-
1,4-dione,hexahydro-3-
(2-methylpropyl)- 
C11H18N2O2 210 1.628 
7 7.471 5,10-Diethoxy-2,3,7,8-
tetrahydro-1H,6H-
dipyrrolo[1,2-a;1’2,’-
d]pyrazine 
C14H22N2O2 250 11.481 
8 9.926 5,10-Diethoxy-2,3,7,8-
tetrahydro-1H,6H-
dipyrrolo[1,2-a;1’2,’-
d]pyrazine 
C14H22N2O2 250 1.495 
9 11.313 1-(2-Cyano-2-ethyl-
butyryl)-3-isopropyl-urea 
C11H19N3O2 225 1.444 
10 11.861 1-(2-Cyano-2-ethyl-
butyryl)-3-isopropyl-urea 
C11H19N3O2 225 11.286 
11 12.659 1-(2-Cyano-2-ethyl-
butyryl)-3-isopropyl-urea 
C11H19N3O2 225 1.270 
12 12.159 Pyrrolo[1,2-a]pyrazine-
1,4-dione,hexahydro-3-
(2-methylpropyl)- 
C11H18N2O2 210 1,305 
13 14.353 Hexadecanoicacid,methyl 
ester 
C17H18N2O2 270 1.485 
14 17.828 9-Octaddecanoic acid 
(Z)-, methyl ester 
C19H36O2 296 5.872 
 
 
The broad spectrum antagonistic action 
of Pseudomonas has been ascribed to a 
number of factors, such as surface 
attachment inhibitors, production of 
siderophores, phenazines and hydrogen 
cyanide [17, 26, 27, and 28]. [29] 
reported that more than 2.7% of the 
entire active metabolites from 
microorganisms are obtained from 
Pseudomonas species. 
 
Conclusion  
The Pseudomonas aeruginosa strain 
XyC5 isolated from healthy shrimp 
intestine and found to protect Penaeus 
monodon from Vibrio mimicus infection 
was able to tolerate a broad range of pH 
(4-11), salinities (0-100 ppt.) and 
temperatures (28-40
o
C) with optimal 
growth at pH 6-8, salinity 10-20 ppt. 
and temperature 37
o
C. Its capability to 
produce extracellular enzymes and 
bioactive compounds may indicate the 
likely use of this strain in drug 
improvement. 
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